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. HAI•«=o^f International Inc 
^2 ,^^!^^ Avenue. New York. New York 
16. United States of America, a corpora- 

A Delaware. United States of 

f^n^H ^ ^® a patent may be 

^nted to us and the me^d by which 
10 Lcrih^'^ performed, to be pScEy 
me<^^ ^"^^ ^'""winS stated 

This invention relates to a continuous 
vapor phase catalytic process &x^T7^. 

f " V^;^- an olefin, where R 

°* carboxylic ad^ are 
produced, the unsaturation beujg that of 
the olefin starting material In a tJiSLS 
20 emtodimenrSir m^S rel^eT^ 
aoBtoxylation of olefins and. in^ S)ed 

2[t<l'tT' ^"dnn^"^ tWs'L>^^ 
fSSrLJP,''** production of vmyl acet^ 
fo^ ethylene and acetic add. 

llie process Of this mvention i>.«m,-f» 
higher yields ^ So^K 
olefins r'.e, unsaturated estere of ^ 
S^^i,^^ heretofore dee^ 

30 ^imneicial operati^S 

«>n3£'^,Xl^io^Srm 

whife^ iS™*™ «»°«on s^^ty 
wniJe. m subsequent sta«s olefin 
35 vei!M<m is max^a ed 

S ^cr«ss' a^^yS ^LiFr- 

vinyl alcohol and 
45 ditionally. such olgSnf^ 




made by the catatyUc vapor phase reac- 
tion of acetylenic derivatives ^th ^^ 
ojgamc add. which has been^adTanta^ 
ous because requiring use of lelaSvehTS. 
peiKwe acetylenic compounds al r^l 50 
^n' ^^oc<^rdingly. eveXre attentioTS 
bemg directed to alternative pto^^Jf. 
^ Eh°^"^ acyloxylation ffi^es 
According to British Patent No 796 613 

^ "^yi a^te) ie 55 
rare <»mpnsing a carboxyhc add anl^ 

cowauung a n<Ale metal catalvst Siw* o 
process, however, has the SSfc rfV /in 

volume r.?*?^ **^^ ^ volume to the 

of olefin and caxboxvK^oy 7^ • 
I«rge seriousty S«^^ffi^''«*^ 
the process In J? • ^'^^^ of 
videS invention pro- 80 

handed yilKer S ^^^^ 
art iH-o<|S obtained in prior 

. This mventi<»i relates t» ti<. . 1 
^ of olefins toroXJ?^ 
«ters of caiboxylic ^^TiJ^^^c 
this invention ^ ITOcess of 

ia the^Vase^*!^' «»<l"ct«l 
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carboxylic acid with a first body of ^ 
wJrat a ten^^ the range of ftom 

50 to 350^C at a space velocity of from 
25 to 5000 hr. - to give a conve^^^^^ of 
5 okfla in the range of from 4 to 20/o. 
removing acyloxylated olefin from the 
resulting mixture; . . . 

purging a portion of the remammg mix- 

in recviiling the portion of the mixture re- 
after purging for further con- 
tact with said first catalyst; 

contacting the purged gaseous mixture 
with a second body of catalyst, said con- 

15 tacting being carried <^V\n%lS^Kra 
m the range of from 50 to 350 C at a 
Sace velocity from 20 to 5000 hours 

^"^^ecovering additional acyloxylat^ ole- 
on fin both said first and second bodies ot 
SalSTcomprising a Group VIII metal 
Tiavine an atomic number of at least 44, 
pfom about 30 to about 80% of the ole- 
fin in the purge gas may be converted. 
OS The balance of the effluent from the 
^ second contact step, after the l^^^^t has 
been treated for the recovery of additional 
acyloxylated olefin, may be recycled to 
the second contact step, with^a portion of 
30 the recycled material, equal m volume to 
the volume of material purge frcm the nm 
contacting step less the volume withdrawn 
as product, being purged. 

The aforementioned conditions are such 
as that the first catalyst contact step if opera- 
ted under conditions sudi as to give hig^ 
selectivity to formation of the acyloxylated 
olefin. The second catalyst contact step is 
operated such as to give high conversion. 
40 The process of this invention also encom- 
passes a system employing tbree or even 
more catalyst contact steps, the first being 
substantially as described above, tne 
second being operated in such a manner 
AK as to obtain moderate convereion at 
moderate selectivities with the third and 
any subsequent catalyst contact steps be- 
ing operated so as to obtam high conver- 
sions. - I -J 
50 All catalyst contact stops employ a^hd 
catalvst comprismg a noble metal, mese 
mSals can be used as such or they can be 
S in supported form employing sudi 
ffi Support materials as titania. sihca 
55 and alumina. 



acyloxyl ated olefin formed 
mole of olefin reacting 



65 



75 



Bv *^hi2h" selectivity is meant a selecUvity. 
as de^ed hereinabove which atove 
about 0.75 or. expressed as a percentage. 70 
above about 75%. By. "modemte^ s^- 
tivlty is meant one which is above about 

^^ihc term "conversion" designates the 
ratio, expressed oa a molar basis, of 

moles o f olefin feed which react 
moles of olefin fed 

The term "conversion per pass" refers to 80 
the conversion, as hereinabove defined, on 
a once-through basis, i-e^.^ot takmg re- 
cycles into account. By "high" conversion 
is meant a conversion which is above about 
030 or, expressed as a percentage, above «5 
about 30%. By "moderate" conversic^^ 
meant one which is above 15% but below 
about 30%. By "low" conversion is meant 
one which is below about 15%. 

The term "yield" designates the ratio, 90 
expressed on a molar basis, of 



moles of acyl oxylated olefin formed 
moles of olefin feed 



95 



100 



105 



It is to be noted that the above defim- 
tions of "selectivity", "conversion and 
"yield'' are based upon olefin. It would 
be equally possible to define these m terms 
of carboxylic acid fed and reacting: how- 
ever, under the conditions employed m the 
process of this invention, selectivitiw ot 
formation of acyloxylated olefin based on 
carboxylic acid reactant arc too high to 
make definitions based on acid meamng- 
ful. Conversions of acid, of couwe. vary m 
direct relation to olefin conversion. 

As used herem. the term space 
velocity" is defined as the quotient ob- 
Sd by dividing the volume of total 110 
feed (fresh plus recycle) to a reactor per 
hour bv the volume of catalyst contained 
wiSn 'the reactor. Since reactor feeds m 
the process of this invention are gaseous, 
feed volumes are calculated at standard 115 
conditions (O^C and 760 mm Hg. absolute). 

The term "acyloxylation" as herein 
used refers to a reaction resulting m the 



hidicated- - -^----'^ ^*^rn of the oraamc material, in 



le touowmg iuc«""-©- orgamc maienai uy ^^i'^-^t"'™ 'r-^r f„ 105 

S'iin. «vi;s.ibi'"o,«st £ 

alio, opnasrf <m . »>»1" ^ •* 
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fll^^^"*^ ^-^-O- radical is added 
n»a*enal. This reaction can perhaps best 

IS 



frfiiJ!?*'*"'°.5** . consideration of the 



«.C-ci-0H+H.C=CH=+l/20. .> KC / o ^„ 



As hereinabove indicated the process of 
this mveallon involves an acytoxyrtion 
20 r«ot«^ employhig three law^Sr S 
m^ilvn^ a caitoxylic acid and 

mofecular oxygen These materials are con- 
ta<ted with a noble/metal catalyst fas here- 
25 <l«ctibed) l^d in part 

25 reached to fonn acyloxylated olefins SinS^ 
m this reaction, conversions per oaTs 
^ove about 20% cannot be ^btafned 
without uneconomically low selecSs 
m continuous operatioi it is necraa^ to 

SSrlic^li^^? °^fi^a°d 
caTDojqriic acid to nnprove pnjcess econo- 
mics. But as pointed out aSw^ thifnt 
cessitates puisuig a portion <rf ^ 
covered, unreacted feed matciials afl^ 
35 recovery and withdiawal of 

4o£^'^=^'^'^suS^^^^ 

contacting step with a second 
body of noble metal catalyst. Provision of 
secondary contacting step (some- 
tums referred to herein aTa "nurte^ 

45 ^"^U ^"^^ operation ^ tS 

w JT^« (sometimes herein re- 
lerrea to as a "main reaction system'') in 
fiiJ^'j: ^ maximize ^sel^iiity 
theran which, m turn, necessitates lower 

50 b^^Z P^^.^*^? would othenvise 
oe the case. In cmnbmation with this step 

citv^f^ ^ subjected to a 

rerondary acyloxylation reaction under 
^nJ^ r''™^ °^*ta]l conversion. 
« t{ j;^^ • °^ conversion, and hence erf seleo- 
3' * appropriate adju«- 

ment ot reacuon conditions in both the 
Dram rraction aM purge reaction systems, 
the reacuon oonditiMB in each stage \Wilch 
fZ'^t^'''^^ controllable axe fi^ 

and catalyst space velocity (which, is 
equivalent to residence time): Suitable 
acuon conditions for obtaining maximum 
selectivity in the main reaction systeT™ 

65 dude a temperature within the range of 
tT ^Z** '^•'^^Wy withif the 

range of from 50 to 250«C. and preferably 
within the range of from 100 to 200''C 
Suitable pressures are between 1 and 200 

70 atmospheres and preferably within the 



S^t^l/T. ] f ^ atmospheres, 
f-d X rSle)*^for T^'^°- (^^^^ 
system^ iifcIud^fSbhavW ^01.^^^°" 

pressure SoyS i^ 'f^"'^'"^ and 

hoSS'a^&f.ln'** ^■T''^'' 20 and 5000 
privies ■m JhT''^^ temperatures and 

L1Kconv4S"4r'^^'nH^°° ^ 

tl« se,ect^i,^^aS^,r^ W but that 
As heremabove indicated, a portion of 

si S Within the range of froS 100 

preferably bX^n 1 

mamfamed at a suffidently low le^t^hi'^ 
30 toloi" of fro^ 
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The process of this i^y^^^j^V die'S* 
ab^c described, '^s^^^^^ Seto fe^ 
loxylation of a vane^ « 

5 from 2-18 ^arDon j butcne-1. 

"^■"P^o- -^^mvteke the n-amylenes. the 

isOTmylenes ^^^^ S^neV^letofhaving 
dodeceites and alicyclic substi- 

10 aliphatic. '^suftable fudi as, for 

tuents are ^^1^° and 3-cyclohexylpropy- 
S'xhe p^^red olefin^ at^ ethylene 

and propylene. j^.^ invention 

15 Similarly. Ae pKKess^^ ^^.^^ 

employs a .variety oi^ aorloxylation re- 
feed matena^s ^^.f^^^^^t are those 
action. SuiiaWe ca^^yJV^s ^ole- 
having from 1-18 «»ro°? ^ or less car- 
20 cule althou^ th^etevmg 10 or^^ ^.^^^ 
bon atoms p^rmotoae«^ P.^^^ ^j.p^ 

rar^cir^^^atic^a^^^^^^^^ 

^ f S? inTnti^ -^us. suitable 
25 practice of acetic acid, pro- 

30 are prefcired that mfartures of 

It should be r^^ jjg acids or 
olefins or mixtures *^ J' 

35 pucts^^mtSr than Jngle campound 
3^ fj^ducts will be ob^^ ^i,^ toxy. 
*^ As hereinabove "idicatea, tn» 

atomic aumbere « ryadimn. osmium, 
ruthenium. Aodinm, pa^^^^^tals can 
iridium and Pf^f^-JS^bT deposited 
45 be used as such or they^n their conj- 
on a support ™f,^X form of their 
pounds, most.suil^ly «« ^^"°iower ^li. 
States, propionate or mnc 

phatic Wf'^'^^^r^r Ifthf exiles or 
50 1-6 fTiduLd. /n at feast 

halides and then ^"^l^^^ The metals 
to part, to *e metalhc st^- ^ 
(or^noed metal <»'^P*'Sbte supports 

55 toclude. titam^J^Sd S^a-zirconia 
magnesia, zirconia o „ a^imt. 

^Mb. Ad^intageously. a sm^am^ 

metal, of a prpf^^^LilaUMS are salts of 
60 catalyst. Sinuble ^^^^ States and 
the alkali metals sucn . 
propionates. Sodiui^ Mtm«^ particularly 
Sui salts are prrferreJL^ F ^ 
satisfactory «i^y^«=^«^^ acetate 
65 pa^dmm and 2 wl 7i> 



deposited upon a spind ^PP^^^ 

la&nm being 'iflPO^^tlu V then ^uced, 
palladium chlonde which is then rea 

Ti least in part, ^o fe finely ^j^^^ 70 
metallic state , j>y hvdrogcn. 
alkaline f='™^l<*;Secular ox?|n can be 
Any source of the process of 

used as a raw f^'}^ ^l^X^ prtkncd 
this invention. A^„'.f "Xough the use 75 
as it is least expensive aimoug 
of air necessitates a h^er^p^g ^^^^ 

prevent the ^^^^^.^cm ^^oo high a 
main reactor '5?yJ|^ff process of this 
concentration. Howeyw. we P ^ j^, 

'"T'^^v^^ s?^^afwe^ up to. say. 
punty oxygen " „ 

80 % oxygen or even readily 
Acyloxylated "i?,^ effluent in 

recovered i^<=^J^^^ example, scrub- 85 
known manner as by. fey^^j^ solvent 

bing of the « a*=t,,f^^lefin acetic 
for the acyloxylated olenn. 

methods or otherwise. 
DRAWING invention will be 

The process of 'function with 95 
rcoTc t""y/5P'!:{l^ which fe^^hematic 
the attached drawing wta^ a 
representation of one emboaim^ 
invention employing a main r^ 
tern and a P«J8e r^°^ embodi- 100 

^7 mfstrSed^ the accompanying 

a^^th? S4"^;>rSh1len^ ^'d 105 
drawing is ^sjm«d to *ftggen and 

L-rfrfd-S'^i^^a^^^^ 

ablv in the form of air, are inu^^ ^^^^^ 

jS^cSic'^fa^'p^^y^g^r^^ 
ing some mokcidar |^ carbon 
otEer matenals. s.uch as ^P^^^j^ intro. 
dioxide formed ^.^J^^i 14. The 
duced to reactor 1<> ^„^°Xam is ob- 120 
manner in which this 
Tained wiU be .teem^« d««ig«L 

.oSe^^^wSadJgge^ly 

comprise I««^^iaS^ »25 
support, ey. l^^^^of^fe^ 

cS^Si be disposed in a 

the tubular type. i^-. one wnicn 
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plurality of catalyst-oontaining tubes sur- 
founded by a fluid heat tranrfer 
AU such reactors a«s of types known to 
those skilled in the art 



10 



15 



Within reactor 10 the reactants combine 5 
•to form vmyl acetate and water in^ 



H:C = CHj + H C - J-OH + 1/2 Q, 



reaction is exothennic, it 

^^"2?^ "^"f^ that ^ 

vmm be made for removing the heat «^ 

by nieans known to those ^ 
^J^iJ^ ^ for example, by the 

25 i»^otf?'^fS produ<as by-products and 
materials are withdrawn 
from n«.ctor 10 via conduit 16. ThiTre? 
,^^1^"^ " " heat exclan w 

2r«!il^ introduced to separation unit 

35 acid and the like are s^pwa^fi^m rela- 
tively non-condcnsible Materials. ^ ^ 

40 ^ '^f"' scrubbing the reactor ef^ 
40 fluent with an absorbant for viniT^te 

tion unit 20 vja conduit 21. Vinyl a^te 
unreacted acetic acid and aat^ a^^' 

SSuit*^? nnw ^ separation unit 20 va 
CMdurt 22 and are sent to fractionation 

50 T,^^'^^?^^^'' materials such as un- 
^ n-.*^''^^^*; ^''^n <«o»de by-pro- 
duct^ mtrogen introduced to react^ 10 
in the fom of air and the like are^h- 

5S d^Jh^^^P-- A.Port'on of this non-con- 

m vapor compression unit 25 R^^io 

60 thfSJ^Tl' referred 
-p^ t . reactor system." 
The ^tance of the vapor material with- 
drawn from separation unit 20 via con- 
dm 23 IS purged from the main reartor 
system via conduit 26 and is ?n 
" * 1^"^ ^ ^.bsequent? 5Sd. " 
il»e condensed materials withdrawn 
from separation unit 20 via condST^ 
«racnonal distillation column TSivS- 



= CH-O-C-CH, 



are treated in firactiOTation unit 30 to 

'S^J^T^'^^y'' .^'"yl acetate a^d 70 
a^ acKl Fraotiraation unit 30 is a 
Uonal type known to those skilled in die 
^.JJ^ « equipped with a pl^ky of 
Whquid contacting devices*^ ^ Lt- 
sWnf I"** re-boiling systems (not 75 

AvKltd into , wo stream!. Oi» portM 5 
after vaporization, is abo dh^^into ftS 

^ jisuwuced to purge reactor 40 via 47 

actor 10 and advanta|^^ W " " 

S^^nJ^-* cofr«?^A recede 

«^^obtained m a manner hereinafter lOS 

S^uft Tt"^ '° reaaor 40 
|i« chcmiL,"SSoS Stetfe^! 

reaSl'SSiar'r XSw?*fr^"- 
purge reactor 40 via <^<Wr45 ^l^S^^ 

ir^^tK^ °° separation unit 50 which 115 

^ separation unit^ 
duld^f^^^l' ""'^^^y ^4 is^tro. 

^'i^'^bso^'^ ftorp.^i^:S 120 
w an absorbed and imowd %om the 
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^ ^"^^S^^'^ito two Sre^ A poiAoa is «- 
divided into *"!~r4o compiessar 

10 from the system via condint 53 ana a. 

Hanid stream withdrawn, from 

^ed to separation unit ^pjn^^Tiarxa 
Vl to serve as the absorption agent a 

^ iKitowing example ^ P«sented to 
ilStfthis inUion b^^^« m«nd^ 

Tmo"l£ o^en. Unless otherwise 
?nd?S. an parts and percentages m the 

conditions are attained. . 
A Mseous reaction mixture ol air, einy 
sn Icnc fcetic acid and recyc'e gas. which re- 
'° Sion mb^mre has the tollowmg omp^i- 
is fed to the main reactor at a rate 
of 100 rarts per hour: 

Ethylene 

55 Acetic Acid "l-^S 

::::::: 75:o<?': 

Nitrogen -qo/ 

Oxygen 

Vtnvl acetate 

60 ^''^^^ 



zirconia spinel ^uppo^. ^* Pf^ aie fcMm 
ing depcKUed upon the ^ ^ 

o£ palladium chlonde ^hwh « ^Q 

duced. at least f?. P^it„I: of sodium hy- 
by ueatment w'A^.^^'^SSy of 
dioxide plus ^y^S%-^ai^^^wc fced 
*=^''''y''^^ffio as^oeof velocity of ^ 
rate corresponds per volume 75 

2200 volumes ctf feed ^1K»^ ^ 

r«<^*the material leaving ^ 
the main reactor ccmtams: 
Ethylene ^-igV *~ » 

Acetic Acid .. 
Carbon dioxide 

Nitrogen ^5.000 „ 

Oxygen ^'ggg » 

Vmyl acetate 0 « 

Water "•^'^ 



From the above, it can be st»n th^ ^ 
veSper pass ft^Sfis 83%.VS?1 

S'of a ^Sl oftf fonowing compost- 
tion (dry basis) is taken: ^^^^ 95 

Ethylene 339% 

Acetic Acid 3 45a/ 

Carbon dioxide 77 02% 

Nitrogen gljg^ 

Oxy^n __ too 

Vinyl acetate -j 

100.00% 

The balance of the reactor f90^ 
parts'hr). excluding recovered vinyl ace 

U recvcled to the mam reactor. iw^ 
^s^f^ of the hereinabove presented 

„ 4.782 pato/lir. of ait 

iSe^J^'r^a^o"^ has the following com- 

position: ^ ^9 parts/hr. 

Ethylene 0 52 " 120 

Acetic Acid 0*g „ 

Carbon dioxide ^-^^ 
Nitrogen 
Oxygen 

Vinyl acetate _ ^25 

Water . 



128.94 i)arts/hr. 

^ DisTWScd within the purge reactor are 

65 taining 2 wt.% palladium and 2 wt.7b 



7 
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This amount of catalyst provides a saaee <nn« , 

vdocity of 1450 voli of toS ^ ^S? ^J^^'^'^ * conversion o« 

volume of catalyst Purge rea^ ^ ^ ^ ^age of fiom 4% S 

diuons are maintained at 130°C. Md 7S rt\ 

.A S'*** Dioxide 6,S3 " iwqrcling the pOTtfon of the 

to Mtrpgen 112.17 ™S»re icmaming af^ pat^i ^ 

0*yg<a : 7:71 S ^"^2" «^ wifi said totSst- 70 

^ acetate 0.45 » contoctmg the purged gieiis 

W«« 0.39 - S?^„^*'^™»''odyof <SL^ 

_ contactiiig being cairied out at 1 

" A* 128.25 parts/hr. S^i^^^^^ of ftC'so 

,,/^*^w«>v«y of additional ^yl aie- ISo hn^» ^ ^'^^^^ from 20 to 75 

tate from the purge reactor effluent 10 « m °^ ' 

parts/hr. of the remaining matoisl if tJ^ additional acyloxyla- 

Piuged from the system and disSd n,e ^i^}^ ^ ^ and sS 

^ *o purge re^wT ^"„5„,*?^y« compiising a GroSJ 

ctf the above'^dlta indiSies "^"^ '^"^ ^""'be^ 

urai puige nsaotor conversion is 50% wMie n a 

seteoivity is only 70%. Howev^. ttl w4htj^, '«**?^« to daim 1, in 

overall convMsion in main dIus onro-V is earned out at a temnen. 

25 actor is 97% and the^v^^eK It ^ *"a*™™ ^ 

^xmatcly 75.7?6. Hence it ^ be sl^ clJm 7 .Pr«»« according to daim 1 or 85 

that the overaU yield <rf the oro^ of = ^ " ^'"^^ step (a) is carried ont at 

mvention is increased hf o^^^^£ ^ °* I to 50 a^^S 

tage pomts in comparikm ^ th^^^ • ^' ,A P«»ess according to anv ^Sd. 

30where nopm^geiea<CnsSlt2^th^ dann. in whidi the W)^^^^ 

fore clearly evident that ttei^"^ mKv'S f*^ comj^ses froS 5^ 90 

tbs mvention provides maior^^n^ «^ ^°}^^ otefiTand ft^ 5 S 

advantages over conventio^ ^/ ^^"""^ carboxyUc add 

emjtoymg but one reactor in. d±,^^^^-^f^««°S ^ any pteced- 

35 lie foregoing description illustiutes the S*,^' ^ ^^«^' i*^*) is carri^^ 

meaods of this inventiS wiK^^g fZ t«np«ature of from 100 to^C 95 

vantages thereof are obtained; It t, ^, ,^ according to anjTDn^ 

onderstood that m^iifica^^ Md^^ ^^L^^""* ^ wWdi step (e) isl^^TS 

olefln to be acyloxylated and cai^^ ilta™., 

acid with a first libdy of^at^wT^ MATHYS & SQUIRE. 

may be obtainelT^ "^aaon WC2A lAY from whidi copl^ 
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I SHEET TTijj drtmint is a reproduction of 
the Orlgina on a reduced scale. 
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